Anthocyanins are the largest group of water-soluble pigments in the plant kingdom. The common naturally occurring anthocyanins are glycoside or sambubioside derivatives of the 2-phenylbenzophyrylium (flavilium) structure (Fig. 1) . They are widely distributed in the human diet through crops, beans, fruits, vegetables, and red wines. Anthocyanins are also used as food col orants in several food products. Thus, humans ingest considerable amounts of anthocyanins from plant based diets and food products on a daily basis (1, 2).
During the past decade, interest has grown in antho cyanins regarding their antioxidant activity (3-5), which is postulated to relate to anti-atherosclerotic (6, 7), anti-carcinogenic (8, 9), and anti-inflammatory ef fects (10, 11). Because a great deal of attention has been focused on the bioavailability of anthocyanin, studies of the absorption and metabolism of the com pounds are required. For this purpose, we have previ ously investigated the metabolic fate of anthocyanins in rats and humans (12). The study clearly demonstrated that anthocyanins are incorporated as keeping their in tact forms into blood plasma from the digestive tract, while the bioavailability (i.e., absorptivity) of antho cyanins seems to be rather lower than that of other polyphenols (i.e., tea catechins) in humans. In addition, 
MATERIALS AND METHODS
Chemicals. Anthocyanin extract, prepared from el derberry, was donated by Lion Co. (Tokyo, Japan). In the extract, three kinds of anthocyanins (cyanidin-3-gluco side, cyanidin-3-sambubioside, and cyanidin-3,5-diglu * To whom correspondence should be addressed . E-mail: miyazawa@biochem.tohoku.ac.jp 
RESULTS AND DISCUSSION
In the present study, rats (100g) received a total of 100mg anthocyanin. Like this study, the dose (approxi mate to 10-100mg/100g rat) is frequently used for rat studies to evaluate the bioavailability of anthocyanin in vivo. This dose is, however, higher than the daily intake of anthocyanin by humans (180-215mg/d) (1).
When a single 100mg dose of anthocyanin (50mg cyanidin-3-glucoside, 48mg cyanidin-3-sambubioside, and 2mg cyanidin-3,5-diglucoside) was administered to rats, anthocyanins rapidly appeared as their un changed glycated forms in the plasma (Fig. 3) . The plasma anthocyanin level reached a maximum at 30 min after oral intake and then decreased (Fig. 4) . This absorption profile was identical to that we previously observed (12). Therefore, orally administered antho cyanins are absorbed rapidly as intact forms from intes tine, as previously confirmed by us (12) and other re searchers (21-23). On the other hand, it has been spec ulated that bacterial digestion of the glycosidic linkage of flavonoids by the gastrointestinal system would occur before absorption (24) . Since aglycone (cyanidin) of an thocyanins was not detected in the plasma (Fig. 3) , the fl avilium cation structure of anthocyanins would be metabolically stable against bacterial hydrolysis, unlike in the case of other flavonoids lacking the cation group. In this study, in contrast to plasma, anthocyanins as in tact forms (unmetabolized anthocyanins) were ob served at trace levels in the liver and kidney, and they were present predominantly as methylated forms (Fig.  5) . Thus, some orally administered anthocyanins are metabolized to methylated forms in the liver. The other anthocyanins, which are an escape for methylation in the liver, can be incorporated as intact forms into the blood stream from the liver, and are then transported to the kidneys and several tissues. In the kidney, antho cyanins are methylated and finally excreted into urine.
It is well known that almost all types of flavonoids are enzymatically metabolized into glucuronide and sulfate conjugates as well as methylated forms in vivo (12, 24-27). For conjugation reactions, glucuronosyl trans ferase and sulfotransferase are responsible enzymes. These enzymes act upon flavonoids to increase their water solubility, thereby facilitating the removal of fl avonoids from the body. However, in the present study, it is noteworthy that anthocyanins were present pre dominantly as methylated forms in the liver and kidney (Fig. 5) , and that conjugates such as sulfate and glu curonide of anthocyanins were not actually detected in both the plasma and these tissue organs. Anthocyanin is basically a highly water-soluble compound, which would diminish the necessity of glucuronidation and After anthocyanin administration to rats, the pro posed increase of plasma homocysteine was docu mented by HPLC analysis (Fig. 6) . The mean homocys teine concentration started to increase at 90min after anthocyanin intake and continued to rise throughout causing a greater elevation of plasma homocysteine.
To date, there have been several reports on the associ ation of homocysteine with drink, food factors, and drugs. Recently, van der Gaag and coworkers (32) ob served that, in nonalcoholic subjects, drinking red wine increased serum homocysteine levels by nearly 10%. They noted that such an increase coincides with a 10-20% increase in cardiovascular disease risk. The biochemical mechanism responsible remains unknown (32) , but our present results (Figs. 6 and 7) suggest that anthocyanin, a major polyphenol in red wine, may be partly responsible for the higher homocysteine concen trations observed in wine drinkers. Most recently, Olthof et al. (33) have reported that human homocysteine concentrations 4-5h after administration of chloro genic acid (2g) were 12% higher than that after admin istration of a placebo. Chlorogenic acid is a major polyphenol in coffee. Yasui et al. (34) found that the levels of homocysteine were elevated by 60% in levo dopa (L-DOPA)-treated patients with Parkinson's dis ease, with the most marked elevation occurring in pa tients with the MTHFR C 677 T genotype. Levodopa, an thocyanin, and chlorogenic acid each contain a cate chol structure, which is a substrate for COMT. We sus pect that extreme O-methylation of the polyphenol bearing catechol structure leads to decreases in SAM and increases in SAH, resulting in hyperhomocysteine mia.
Two major hypotheses have been proposed to explain how homocysteine induces its harmful effects. First, it can damage endothelial cells lining the vasculature, thus allowing plaque formation (35) , while simultane ously interfering with the vasodilatory effect of en dothelial derived nitric oxide (36) . Additionally, homo cysteine has been found to promote vascular smooth muscle cells hvpertrophv (37) .
In conclusion, we have demonstrated here, for the fi rst time, that anthocyanin is responsible for the eleva tion of homocysteine levels. Thus, high doses of antho cyanin may increase vascular risk for humans. For polyphenols other than anthocyanin, quercetin was re ported to inhibit the COMT-catalyzed methylation of catecholestrogens, thereby enhancing estradiol induc tion of the kidney tumors in hamsters (38) . We propose that a moderate intake of polyphenols may be beneficial due to their antioxidant function, but that excessive in take may be harmful. Currently, various supplements that boast high amounts of polyphenols are likely to be consumed in Japan; however, their effects in humans are unknown. Further investigations are necessary to clarify the association of excess intake of polyphenols, homocysteine concentrations, and the risk of cardiovas cular disease. 
